Rationale, aims, and objectives: Since adequate staffing in intensive care units (ICUs) is an increasing problem worldwide, we investigated whether physician assistants (PAs) are able to substitute medical residents (MR) in ICUs with at least the same quality of clinical skills. In this study, we analysed the level of clinical skills of PAs in direct comparison with those who traditionally performed these tasks, ie, MR with 6 to 24 months of work experience in the ICU. Physician assistants are licensed to practise medicine in defined domains, in collaboration with MDs but with a substantial degree of professional autonomy. Physician assistants obtain medical history, perform physical examinations, request and interpret additional testing, obtain medical diagnoses and treatment procedures, and prescribe medication. They also perform endoscopies, catheterizations, elective cardioversion, and minor surgery. 1, [5] [6] [7] Physician assistant programmes lead to the award of a master's degree and are based on the medical model.
| INTRODUCTION
Substitution of care from medical doctors (MDs) to physician assistants (PAs) is increasingly being adopted as a strategy to augment staffing and promote continuity and quality care in hospitals, including the intensive care unit (ICU). [1] [2] [3] [4] Use of PAs in multidisciplinary staffing has been identified as a solution for meeting the shortage of medical doctors on the ward, health care costs, improving continuity of care and doctor's workload.
Physician assistants are licensed to practise medicine in defined domains, in collaboration with MDs but with a substantial degree of professional autonomy. Physician assistants obtain medical history, perform physical examinations, request and interpret additional testing, obtain medical diagnoses and treatment procedures, and prescribe medication. They also perform endoscopies, catheterizations, elective cardioversion, and minor surgery. 1, [5] [6] [7] Physician assistant programmes lead to the award of a master's degree and are based on the medical model. The outcome of the study gives insight to the quality of care provided by PAs in ICUs and may be helpful for hospital administrators and medical leaders in considering the utilization of PAs in this setting.
| METHODS

| Population and design
In this observational study, the level of clinical skills of PAs and medical residents working in the ICU was assessed by using the human patient simulator (HPS). In the Netherlands, PAs are substitutes for
MRs with 6 to 24 months of work experience in the ICU. These candidates signed a written informed consent, and all data were anonymized and handled strictly confidential.
| Human patient simulator
An HPS is a patient simulator that reacts physiologically as if it was a real patient. Candidates were observed and evaluated as they pass through a simulated scenario like a real scenario. During the scenario that takes around 20 minutes, various competences as history taking, physical examination, diagnosing, treating, and discussion with the nurse were examined. In the current study, 2 scenarios with various phases and score lists were developed by the Radboud University Medical Center in the Netherlands. The research team was experienced with developing scenarios with score lists.
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The first scenario simulated acute respiratory distress syndrome (ARDS) and the second scenario simulated anaphylaxis, both in adult patients. Acute respiratory distress syndrome and anaphylaxis were chosen, because these diagnoses are common on ICUs, clinically relevant and suitable for developing score lists. Besides, we asked the candidates to handover the ARDS scenario to a colleague, who will take over the job. Detailed information about the content of the scenarios is presented in the addendum.
The performance of the candidates during the scenarios on the HPS was videorecorded and independently assessed by 2 intensivists.
In total, 4 intensivists (JvO, MH, HK, and GvdN) were involved. The 
| Data analysis
The following steps have been taken to analyse the data.
1. To determine the reliability of the OSCE, the standardized Cronbach alpha coefficient across the 7 phases (4 ARDS plus 3 anaphylaxis) was calculated.
2. Each participant completed 2 scenarios. Mean scores were calculated per individual participant for each separate scenario (ARDS and anaphylaxis).
3. The mean score for each separate scenario was calculated for PAs and MRs.
Since the data was normally distributed, we used the independent
Student t test to investigate whether the mean scores of PAs were equal to that of MRs. We did that for the total of scenarios, for each scenario and for the 7 separate phases.
All analyses were conducted with the SPSS statistical software package version 20.0 for Windows (SPSS Inc, Chicago, IL).
| RESULTS
| Population
Of the 20 invited PAs, 11 participated in this study. In total, 10 MRs participated in the study. The mean age of PAs was 38 ± 7 years and 45% was male. They had on average 46 ± 17 months' work experience as a PA. In a university hospital, 36% was employed. The mean age of MRs was 27 ± 2 years and 40% was male. They had on average 12 ± 4 months' work experience as a MR. In a university hospital, 60% was employed.
| Reliability
The overall Cronbach alpha of the test items (phases in the 2 scenarios) was 0.62. For PAs, the overall Cronbach alpha was 0.63 and 0.61 for MRs.
| Level of clinical skills
The mean scores of the level of clinical skills of PAs and MRs are presented in Figure 1 . The total mean score of PAs was 66% ± 13%, and the total mean score of MRs was 68% ± 9%. With respect to the separate scenarios: Mean scores on the scenario anaphylaxis were 70% ± 19% for PAs and 76% ± 7% for MRs. Mean scores on the scenario ARDS were 61% ± 11% for PAs and 61% ± 16% for MRs. There were no differences between PAs and MRs on the total score (P = .66), the different scenarios (ARDS, P = .85; anaphylaxis, P = .65) or the separate phases of the scenarios (P = .33-.90). These results are consistent with our hypothesis and studies with the same design, performed in other specialities. As in our study, there was no difference in clinical competencies (ie, history taking, physical exam, communication, and report) between PAs and residents in anaesthesiology and surgery. 10, 11 Furthermore, studies in the ICU reported the same quality of care by teams with PAs in comparison with teams without PAs. 8, 13 In these studies, quality of care was measured by clinical indicators, for instance, mortality, fewer, pain or infections. The results of these studies could be in accordance with the outcomes in our study, as this possibly relates to the same topic.
| DISCUSSION
We did not investigate the additional value of PAs in the ICU team. Other studies found a higher provider continuity on hospital wards on which PAs were employed than on wards with only MRs.
The turnover of MRs is traditionally high due to use of recent medical graduates who are planning to do fellowship and the mandatory rotational cycles. Physician assistants generally do no rotate and constitute a factor of stability in the continually changing medical workforce at a hospital department. 9 As a consequence, PAs might be more familiar with the clinical protocols and the procedures to, for example, request diagnostic tests and consultations of other specialities. Also, they know the routines of the nursing and medical team and could fill the gap between these teams.
In this study, we investigated whether PAs could be a safe substitute for MRs. Besides substitution of care, PAs could perform additional tasks that were normally the responsibility of the staff physician or resident, like integrating newly employed doctors, providing education, organizing nursing multidisciplinary consultation, taking part in medical emergency teams, or conducting quality projects.
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We have not measured these topics in our study; however, we do believe that these topics are also relevant in ICUs. 
ADDENDUM
Scenario 1
An 18-year-old man, ideally bodyweight 75 kg, admitted to the ICU with a bilateral pneumonia developed ARDS. He had to be intubated and mechanical ventilation was started in a time-cycled mode with initial high tidal volumes. The scenario is divided in 4 phases. In the first phase, points could be earned for recognition of high tidal volumes and adjustment of the ventilator to tidal volumes of 4 to 6 mL/kg. In the second phase, the patient developed hypoxia to less than 90% O2 saturation. Points could be earned for recognition, searching for explanations, examination of the patient, ordering an X-ray of the chest, ordering bronchial aspiration and for adjustment of the ventilator. In the third phase, the patient developed severe hypoxia again, high pressure alarm on the ventilator, systolic blood pressure droppedto70 mm Hg and a silent left hemi-thorax was present. Points could be earned for diagnosing a tension pneumothorax, for performing a needle decompression into the left second intercostal space in time and for ordering insertion of a chest tube. In the fourth phase, candidates had to handover the case to a colleague.
Scenario 2
A 21-year old man with a history of alcohol abuse is admitted to the ICU post-operatively after an abdominal trauma due to stab wounds.
Laparotomy revealed a perforation of the colon. Antibiotics were started. The patient is awake, detubated and breathing spontaneously, restless, and in pain. The scenario is divided in 3 phases. In the first phase, the patient is in pain. Points could be earned for assessment of a pain score, searching for explanations of pain, examination of the patient, ordering extra laboratory tests and treating pain with opioids, and re-assess the pain-score. In second phase, the patient developed a delirium. Points could be earned for recognition and treatment.
In the third phase, the patient is in anaphylactic shock, has an inspiratory stridor, and develops itching of the skin. Points could be earned for recognition, creating a differential diagnosis, starting with oxygen, medication, ie, epinephrine, antihistamines and steroids, and stopping the antibiotics.
